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(54) Energy absorbing composite tube 

(57) An energy absorbing composite tube (10) for 
both mounting ah impact member to a stmcture and ab- 
sorbing impact energy. The composite tube (10) in- 
cludes a mounting portion (16) that is inserted into a 
sleeve (14) within the structure. A main tubular body por- 
tion (26) is provided that is integral with the mounting 
portion (16). The main tubular body portion (26) has a 
larger diameter than the mounting portion (16) to pro- 
vide an impact shoulder (30). A deiamination wedge 
(32) is forced against the shoulder (30) during an impact 


to cause deiamination of the main tubular body portion 
(26). The deiamination process absorbs energy from the 
impact. The mounting portion (16) slides within the 
mounting sleeve (14) during the impact so that it re- 
mains intact and provides a structural connection be- 
tween the main tubular body portion (26) and the impact 
member. The energy absorbing composite tube (10) 
may be used to replace bumper mounting systems 
which utilize metallic tubes as part of the bumper mount- 
ing/energy absorption system. 
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Description 

BACKGRQUNQ qf THE INVFMTir>K. 
1. Field of the liwentinn 

I0001J The present invention relates generally to sys- 
tems and methods for absorbing energy that V^Z. 
ated dunng a collision. More particularly, the present!^ 
venuon involves bumper systems for^ehictes 
the sfructure that is used to mount the bumper to ^e 
ve^jK^e-salsodes^nedtoabsorblmpacteneS; 
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2. Description of RBiateri /^^ 

[0002] Bumper systems are commonly used on a 
J^devanety Of structures to protect the st^ctureanJ/or 
been an .ntegrel and important part of automobile de- 

types of 

systems have been developed. A popular type of bump- 
ersystemis one that includesabumperorZpactm^^^^ 
ber that is mounted to the vehicle using some type of 
mountng system that is able to absorb some of t^e im 
pact energy during a collision. IWounting systems us no 
pneumatic shock absorbers provide go^d abTS 
mpact energy and are able to withstand multiple minor 
.mpacts. However, such systems are relativTew 
s-ve and ^ay require periodic maintenance. ^ 
[0003] Bumper supports that utilize metallic tubes 
whrch undergo engthwise crushing during impact have 
aJso been ^ular. The metallic tubes provide a strong 
connertjon between the bumper and the vehicle. hZ 

h»iv? '''''^'^"°*f«^<="'^'Vhigh.lnaddition 
2 a metl^r:''"''^ *° '"'"^^ 

k™!; ^! ^'^ °""P°*"° '"a'erials are 

known to have a higher specific energy absorption than 

absorption is due .n part to the energy absorbed when 
the composite tube undergoes inter-laminar splitting 
during longitudinal crushing. The basic problem 
« that the destructon of the tube that results during 

10005] As is apparent fhjm the above there is a 

tem that has both the energy absorbing capabilities of 
a composite tube and the post-cresh support 
of a metallic mounting system. """ngin 


SUMMARY OF THF iMi/cf.fTinM 

S 1" ^^'^^""^ ^ the present invention, an 
5 !S . « P«>^«'ed that is an 

e^entimpactenergyabsorberandwhichretainsgood 
pos^mpact strength for maintaining a secure bumZ- 
vehKle connection. The energy absort^ing comp,Se 
tute IS particulariy well-suited for connecting bu^ 

posrte tube may be used in any situation where m«, or 
more impact members are connected together. TyX" 
V, the invention « useful where a structure (fiist impact 

memLrtth^^™'*'''' " ''"PaS 
« ItT*'' '~""^'*^^'°*'"^'~«"f«^'"neneigy 
« absort)ing mounting system. ^ 

S!!!^ -..^I!®'^^ """Posite tubes in accord- 

anTn^abs^r"*'"'"'^"^™'*^^'^"^^*-^ 
terl?,^!! J ™"*'^««"^«^"■'"Pactmem- 
^ ber and a second impact member. The energy absorb- 
^ mg composite tubes include a mounting porSon thaTfe 

portion has a first impact member mounting end that fe 
.nsertable into a sleeve or receptacle locat«J in the firsi 
25 rr!!'- ™""«"9 P"^'"" « made up Of fib 
eSr .r^U t Jh" ' T'" ""'"^^ ^"^ °"ter Perim- 
SeotlcS Th '° '"^""S'y the re- 

iZrtl ^^^.^"^^Sy ^"^o^fing composite tube further 
ncludesamain tubular body portion that isintegrelwii 
the mounting portion. The main tubular body oortlon k 

:idS r """'^ orfibi^w^ 

embedded in a resin matrix. The fiber layers and resin 
n^tnx may be the same or different from'the mouSg 
p«lK,n The mam tubular body portion has a perimeter 

J^ll perimeter of the 

rnounting end where it meets the main nebular b^ 

i2 ^ ^ '^'"^ '"^ P^"* '"mention, a delam- 
.nation wedge isprevided that is located adjacent to the 
shoulderontheenergyabsort,ingcomposierbeThe 

ng an impact. The resulting delamination of the maTn 
tubular body absorbs energy ftx,m the impact. T^e use 

45 m!natS "f "^"^ "^^^^'y '° '"'tiate the dela- 

T "^^ delamination wedge 

ejminates the debris wedge that may fom, during lon- 
9*KiKial cashing of a tube made from composite ma- 

[0009] As a further feature of the present invention 
clh?;"'? °' '"^ """""^"e tube s noi 

^s ?h"esr''"' 

PTOMss. The sleeve or receptacle in the impact member 
mere^ slides over the mounting portion as the debmT 

lrj"'"'''"'"''"'^^*«*'y'«'ainsufficientstruS 
-ntegnty and strength to provide adequate post-^rn 

Th'r:^^''"*"' impact mem^J 
10010] The present invention is directed not only to 
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the energy absorbing composite tube, but also to the 
bumper systems and vehicles to which the energy ab- 
sorbing composite tube is attached. In addition, the in- 
vention covers methods for making the energy absorb- 
ers and absorbing energy during an impact wherein the 
energy absorbing composite tube is utilized. 
C0011] The present invention provides an especially 
useful energy absorbing mounting system that can be 
fine-tuned to provide a wide variety of energy absorption 
profiles. The number and/or types of laminates in the 
mounting end and main tubular body may be varied to 
provide a wide variety of shoulder sizes and shapes that 
have a direct relation to the amount of energy absorbed 
during delamination. In addition, the laminate layers in 
the main tubular body can be staggered to provide a 
stepped shoulder where the delamination wedge con- 
tacts each layer sequentially during a crash. Such 
stepped shoulder an-angements allow one to fine-tune 
the energy absorption profile. In addition a second 
mounting portion can be included at the end of the main 
tubular body that is mounted to the second impact mem- 
ber. This produces a second shoulder adjacent to the 
second impact member that can be used in combination 
with a second delamination wedge to provide even fur- 
ther energy absorption capabilities. 
[0012] The energy absorbing composite tube of the 
present invention is a suitable replacement for metallic 
tube-type bumper mounting systems since it provides 
post-crash mounting strength equivalent to metallic 
tubes while at the same time providing for particularly 
effective energy absorption when the bumper Is impact- 
ed. 

[001 3] The above described and many other features 
and attendant advantages of the present invention will 
become better understood by reference to the following 
detailed description when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a perspective view of an exemplary 
energy absorbing composite tube in accordance with 
the present invention that Is Inserted within a sleeve in 
a first impact member. The first Impact member, such 
as a mounting plate that is secured to a vehicle, is shown 
generally as a square block. 

[001 5] FIG. 2 depicts the exemplary energy absorbing 
tube mounted to a second impact member. The second 
impact member, such as a vehicle bumper, is shown 
generally as a square block. 

[0016] FIG. 3 is a partial sectional view of FIG. 1 taken 
in the 3-3 plane prior to an impact. 
[0017] FIG. 4 is the same sectional view of FIG. 1 as 
shown in FIG. 3 except that the tube has undergone 
delamination due to an impact. 
[0018] FIG. 5 is a sectional view of an energy absorb- 
ing composite tube in accordance with the present in- 
vention showing an alternate exemplary type of shoul- 


der. 

[0019] FIG. 6 is a sectional view of an energy absorb- 
ing composite tube in accordance with the present in- 
vention showing an alternate exemplary embodiment 

5 that includes shoulders and delamination wedges at 
both ends of the composite tube. 
[0020] FIG. 7 depicts three exemplary delamination 
wedges in accordance with the present Inventksn. FIG. 
7A shows the cross section of a delamination wedge 

10 having a constant 45° angle. FIG. 7B shows the cross 
section of a delamination wedge which has a 45"" angle 
that transitions to a SO*' angle after 0.043 inch. FIG. 7C 
shows the cross section of a delamination wedge which 
transitions from a 45^ angle to a 90° angle after 0.030 

15 inch. 

[0021] FIG. 8 shows three exemplary load versus dis- 
placement graphs for energy absorbing composite 
tubes utilizing the delamination wedges shown in FIG. 
7. FIG. 8A is the load versus displacement curve for an 

20 energy absorbing composite tube utilizing the delami- 
nation wedge shown in FIG. 7A. FIG. 88 is the load ver- 
sus displacement curve for an energy absorbing com- 
posite tube using the delamination wedge shown in FIG. 
78. FIG. 8C is the load versus displacement curve for 

25 an energy absorbing composite tube utilizing the dela- 
mination wedge shown in FIG. 7C. 

DETAILED DESCRIPTION OF THE INVENTION 

30 [0022] An energy absorbing composite tube in ac- 
cordance with the present invention is shown at 10 in 
FIGS. 1-3. The tube 10 is shown inserted within a re- 
ceptacle or sleeve located in a first impact member such 
as the frame or other mounting structure on an automo- 

35 bile 12. As best shown in FIG. 3, the receptacle into 
which the tube is inserted is a circular sleeve 14. The 
preferred use for tube 10 is in mounting second impact 
members, such as bumpers, to vehicles. However, the 
tube 10 may be used to connect any type of bumper to 

40 an underlying structure. Impact member, as used here- 
in, means any type of bumper or other structure that is 
mounted to one of the ends of the composite tube 10. 
Preferably, the first impact member will be a structure 
on a vehicle to which the composite tube is mounted. 

45 The second impact member is the bumper that is mount- 
ed to the other end of the composite tube. The energy 
absorbing composite tube may be used in any situation 
where one or both of the impact members are subjected 
to collisions with foreign objects. However, the preferred 

50 use of the energy absorbing composite tube is to mount 
a second impact member (e.g., bumper) to a first impact 
member (e.g., vehicle) to provide protection of the vehi- 
cle and/or its occupants from collisions with foreign ob- 
jects. 

55 [0023] The tube 10 includes a main tubular body por- 
tion 26 that has a second impact member mounting end 
1 8 which is connected to a second impact member, such 
as a bumper, which is shown as block 20. The bumper 
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^IHOT^I'^ ^" automobile bumper. However the 
mam tubular body 26 may be connected to any ^Je <J 

sired. The mam body portion 26 may be connected to 
^e bumper 20 by a wide variety of connection S^f^u 

Sleeve in the bumper 20 and bonded in place using an 
appropriate adhesive. ^ 
fnn°?!l ■^''^,'=°"'P°site tube 10 also includes a mount- 
^^Portion 16 that is integral with the main tubular bSdy 

s eeve 14 located m a mounting structure 12 on the ve- 
hicte The mounting end 22 is preferably bonded to the 
mountmg structure 12 using an adhesive shown at 24 

bonder"' ft''°"'' « sufnclen«y iong 

bond to prevent the tube end 22 from coming out of t!e 

eTSe ""'*«'"«^-' Circumstances. hCv! 

er, the adhesive must have a sufficiently low shear 
st^ngth to altow the mounting portion 16 to sirde JJe 
the inner mounting tube 16 when the bumper 12 is im 
paced during a collision. Exemplary adS es wh ch 

Other adhesives may be used so long as they provide 

ad^uatebonding strength to keepthemountfn^portl 
16 secure within the sleeve 14 during nom,al op^ratfon 
of the vehicle, while having a shear strength that is suf- 
wZ tU""H°i'''°* 16 to sSe 

tg(«51 The mounting portion 16 has an outer perime- 
ter tha « preferably circular in shape. Other shaSs are 
shaped tubes, such as square tubes or oe^l 

Z^<^1tL"^T '"^""'"^ """" p^rti''"'^' 

L 7 16 preferably made 

from at least a one layer laminate. Typically, the mount 

|ngportlon Will include the number ofLinatl^^^^^^^^^^^ 

necessary to provide adequate mounting of the burnS^ 

upon the bumper/vehicle size and the vehicle type As 
Shown in FIG. 3, the mounting portion 16isaThreeL^ 
ZtJf^'r- portion 16 nclldes 

mreelayersof woven fabric that are embeddedinar^n 
malnx. A three layer laminate is shown for exempt™ 

gLss ' '"«='"<«"9 
?en th^ ' ^"^ them,oplastic. Wc^ 

ven fabncs a,e preferred. However, unidirectional fiber 
onentation as well as random fiber mat may be usS 
Also randomly onented chopped fibers emb'edded n a 
resin matnx are acceptable. 
[0026] The resin in which the fiber layers are embed- 

are used as the matrix in composite materials. Exem- 
plary resins include epoxy. nylon, polyester, vinySer 
polypropylene, and acrylic. • vmyiester. 

[0027] The energy absortjing composite tube 10 in- 


26 that is integral 

wrtt,themountingportion16.Themaintubularbodypor- 

5 K . ! """^'"S ^ As shown in FIG. 3, the 

™'"'"''f^body26hastwomorelaminatelayerstha; 
Uie mounting portion 16. Two extra laminate layers are 

stood that many more laminates are possible, if desir^ 
The mam tubular portion 26 and mounting 
are preferably made using the same fibers a^d resins 
fordT"'^'*'"''^"^^''°"'^«^30arepreferaby 

S At ^ r'."''''''""'''"'"^'"'"''"'^^ body portion 
26 Aftematively. the composite tube may be fimed^n 
" a smgle molding step where the mold is shapStotri- 
vKJe a mam tubular body portion that transftions vfa a 
shoulder to the mounting portion. In addition the main 

layere of fibers onto a previously fomied innertube The 

forie^ """■"""^'^ ^"-^^ a shoufd^is 

formed on themner tube to provide the desiradshoulder 

be added to an uncured inner tube and curad togemer 
with the inner tube resin matrix "'geiner 

28°!IL'^M V '"'^ 26 has an end 
28 where It transitions into the mounting portion 16 to 

ifgtrtlonieT'""""'''^'^^^^ 
30 Z«w ; J"® '"^ "^P'^ sf»"Wer 30 will 

S« "r"^""'* ^'^^ '-""nates o 

"'^ *° ^ '"ain tubular body Thfe 

nJimv«lldependupontheamountof energy thatlei 
0 be absort^d and the initial peaic load desired ,^2 
ate delamimation of the main tubular body portion ^ 
L.^''r:'''.'''"°'*'"^""«'30mayaKrco^^ 
J^Diled by the shape of the mold, if one is used to f^rm 

30wl depend upon each particular application and will 
« nfT'"'' «perimentation. An advan 

« tage of the present invention is that the energy ateX 
.ng Characteristics of the composite tube ma7be Sried 
widely and controlled accurately by choosing partiS 
combmatlons of fiber size, fiber ty'pe, fiber onS 

« ?oS; ah!; '''^ ^"^ "-atrix type ' 

JM29] Adelammation wedge 32 is located around the 

s'Jou"r30 tI^T"""^ 16 adjacent to Se 

2 totA.?? ''''"'"""°"*«'^9«32maybemount 
ed to the vehicle mounting structure 12 or it may be 
mounted on the mounting portion 16. If desirTd the 

sfrucfure 12. The wedge 32 is made from a hard mat^ 
n«l such as a metal, that is capableof delamina jg it 
compos ,e material of the main tubular body portion 26 
The matenal used to make the wedge shou to be harder 
« than the composite tube 10 and should be at least hart 
enough to inifiato detaminatton of the tube as shol^nt 

[0030J Referring to FIG. 4. the composite tube is 
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shown at 34 after an impact in which the main tubular 
body portion 36 has been delaminated by movement of 
the wedge 32 against the shoulder 30. The process of 
delamination has been found to be an efficient absorber 
of impact energy. The direction of impact Is represented 5 
by arrow 40. The degree of delamination is related to 
the amount of energy that is absorbed. As the impact 
energy load increases, the amount of the main tubular 
body that is delaminated and defomied also decreases. 
[0031] The delamination wedge Is designed to cause io 
delamination of the main tubular body 26 when the 
wedge 32 is forced into the shoulder 40. Use of a dela- 
mination wedge reduces or eliminates the initial pealc 
load that would otherwise be required to start the dela- 
mination. The shape of the delamination wedge may al- ^5 
so be varied. The wedge shown at 32 has a surface an- 
gle relative to the shoulder that is designed to split the 
composite material apart as the shoulder is force 
against the wedge. The wedge geometry should be 
such that the delamination or separation of the compos- 20 
ite material occurs when the wedge is forced against the 
shoulder. The wedge shape may be varied depending 
upon the fiber/resin type and orientation. For example, 
the wedge shape for delaminating layers of woven fabric 
may be different than wedges used to delaminated ran- 25 
domly oriented chopped fibers. 
[0032] The use of a delamination wedge provides the 
advantage of being able to further fine tune the energy 
absorption characteristics of the composite tube. For ex- 
ample, the wedge can be shaped to have a slight blunt 30 
edge which is designed to increase the initial peak load 
required to cause delamination. This configuration is de- 
sirable where there is concem over possible premature 
delamination of the composite tube during minor colli- 
sions. Alternatively, the wedge can have a relatively 35 
sharp edge that reduces the initial peak load required to 
cause delamination. Reduction of the initial peak toad 
required to start delaminatton is important in situations 
where it is desirable to limit the initial shock to vehicle 
occupants or fragile cargo during a collision. ^0 
[0033] Three exemplary delamination wedges are 
shown in FIG. 7. In FIG. 7A, an exemplary delamination 
wedge is shown at 100 wherein the leading edge of the 
wedge 102 is at a 45"" angle relative to the main tubular 
body portion. The delamination wedge 100 includes a 
mounting portion 104 that is designed to mount the 
wedge within the receptacle in the first impact member. 
A second exemplary delamination wedge is shown at 
200 in FIG. 7B. The delamination wedge 200 has a lead- 
ing face 202 which starts as a 45° angle 204 and tran- 50 
sitions after 0.043 inch to a 90° angle as shown at 206. 
The delamination wedge 200 also includes a main body 
portion 208 that is insertable within the receptable in the 
first impact member. A third exemplary delamination 
wedge is shown at 300 in FIG. 7C. The delamination 55 
wedge 300 is the same as delamination wedge 200, ex- 
cept that the initial leading edge 304 of wedge 302 ex- 
tends for 0.030 Inch instead of 0.043 inch. The edge 304 


then transitions to a 90° surface 306 in the same manner 
as delamination wedge 200. 
[0034] The three exemplary delamination wedges 
shown in FIG. 7 were used to make energy absorbing 
composite tubes in accordance with the present inven- 
tion that were subjected to cnjshing tests. The main tu- 
bular body and mounting portions were the same for 
each test with only the delamination wedge being 
changed. Referring to FIG. 8, the results of crush tests 
using sleeve 100 are shown as graph A. The total ener- 
gy absorbed was 1420.81 (ib-in). The maximum load 
was 1671 pounds with a delamination wedge displace- 
ment of 1 .00 inch. The energy absorption efficiency was 
85 percent. The crush test results for sleeve 200 are 
shown in graph B where the total energy absorbed was 
1978 (Ib-in) with a maximum load of 1946 pounds. The 
delamination wedge 200 was displaced 1.13 inch and 
the energy absorption efficiency was 90 percent. The 
load versus displacement graph for delamination wedge 
300 is shown at FIG. 8C. The total energy absorbed was 
2285 (Ib-in) with a maximum load of 2291 pounds. The 
delamination wedge 300 was displaced 1.13 inch with 
a energy absorption efficiency of 88 percent. As can be 
seen from the load versus displacement curves in FIGS. 
8A-C, minor changes in the geometry of the delamina- 
tion wedge produced measurable changes in the energy 
absorption profiles. For example, the transition firom a 
45° angle wedge to a 90*" angle wedge resulted in an 
increase of maximum loading from around 1670 pounds 
to over 2000 pounds. As is apparent, many other wedge 
configurations are possible which may be used to 
achieve desired initial loading and subsequent energy 
absorption profiles. 

[0035] As can be seen from FIG. 4, even after an im- 
pact in which the main tubular body has been delami- 
nated, the part of the main tubular body portion that has 
moved into the mounting sleeve remains intact and 
structurally connected to the vehicle 12 to provide con- 
tinued support of the bumper 20. As a result, the com- 
posite tube is able to provide the efficient impact energy 
absorption characteristics of composite delamination 
without destroying the basic function of the composite 
tube which Is to mount the bumper to the vehicle. 
[0036] The shape of the shoulder between the main 
tubular body portion and the mounting portion can be 
varied to provide different energy absorption character- 
istics and profiles. For example, an alternative shoulder 
configuration is shown at 50 in FIG. 5. The mounting 
portion 52 includes a two layer tubular woven fiber lam- 
inate that is adhesively bonded into circular sleeve 54 
in the vehicle mounting plate 56. The main tubular body 
portion 58 includes an additional three layers of woven 
fiber laminate. The main tubular body 58 has been ma- 
chined to remove a portion of the extra three layers to 
provide the mounting portion 52 and the staggered 
shoulder arrangement as shown at 50. The delamina- 
tion wedge 60, during an impact, contacts the laminates 
sequentially as the wedge moves Into the shoulder. This 
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sequential contact of the shoulder laminates with the 
wedge allows one to control the initial energy absorption 
profile dunng delamination. As is apparent, a wide vari- 
ety of other shoulder configurations are possible. For ex- 
ample, the stepped shoulder shown in FIG. 5 could be 
reversed so that the outer laminate is the first to be con- 
tacted by the delamination wedge 60. In addition the 
number of layers used in each step of the shoulder wuld 
be vaned to provide further refinements in the energy 
absorption profile as the delamination wedge moves fur- 
ther into the shoulder. 

[0037] The energy absorption characteristics of the 
composite tube may be further varied and controlled by 
providtng mounting portions and delamination wedges 
at both ends of the composite tube. Such an arrange- 
ment IS shown at 70 in FIG. 6. The composite tube 70 
includes a main tubular body portion 72 that is mounted 
between a first impact member shown at 74 and a sec- 
ond impact member shown at 76. A first mounting end 
78 IS mounted into a sleeve 80 in the first impact member 
74. A second mounting end 82 is mounted into a sleeve 
84 in the second impact member 76. Delamination 
wedges 86 and 88 are provided to initiate delamination 
of the main tubular body at shoulder locations 90 and 
92. respectively. The delamination wedge 86 has a 
steeper slope (i.e., it is sharper than) the delamination 
wedge 88. Accordingly, the shoulder 90 will begin to 
delaminate at lower peak loads than shoulder 92 If all 
other parameters are equal. In addition, the orientation 
and types of fibers and resins may be varied to achieve 
evenfurtherenergy absorption control. For example as 
shown in FIG. 6, part of the main tubular body portion 
72 may include randomly oriented fibers 94 while anoth- 
er portion may include woven fiber layers 96 
[0038] Having thus described exemplary embodi- 
ments of the present invention, it should be noted by 
those skilled in the art that the within disclosures are 
exemplary only and that various other alternatives ad- 
aptations and modifications may be made within the 
scope of the present invention. Accordingly, the present 
mvention is not limited to the above preferred embodi- 
ments and examples, but is only limited by the following 
claims. 
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Claims 


An energy absorbing composite tube for use in 
mounting a first impact member to a second impact 
member and absorbing impact energy when one of 
said impact member is impacted, said energy ab- 
sorbing composite tube comprising: 

A) a composite tube having a longitudinal axis, 
said composite tube comprising: 

a) a mounting portion comprising a first im- 
pact member mounting end that is inserta- 


45 


so 


55 


ble within a receptacle located in said first 
impact member, said mounting portion 
comprising fibers embedded in a resin ma- 
trix to form said mounting portion having an 
outer perimeter 

b) a main tubular body portion that is inte- 
gral with said mounting portion, said main 
tubular body portion comprising an end 
that is mountable to said second impact 
member, said main tubular body portion 
comprising fibers embedded in a resin ma- 
trix to form a main tubular body portion hav- 
ing an outer perimeter that is larger than 
the outer perimeter of said mounting por- 
tion to provide a shoulder around the pe- 
rimeter of said mounting portion where it 
joins said main tubular body portion; and 

B) a delamination wedge located around the 
perimeter of said mounting portion adjacent to 
said shoulder, said delamination wedge 
shaped to provide delamination of said main tu- 
bular body portion when said delamination 
wedge is forced against said shoulder by said 
first impact member during an impact in which 
said first and second impact members move to- 
wards each other along the longitudinal axis of 
said composite tube, said delamination of said 
main tubular body portfon providing absorption 
of said impact energy. 

2. An energy absorbing composite tube according to 
claim 1. wherein the end of said main tubular body 
portion that is mountable to said second impact 
member comprises a second integral mounting por- 
tion comprising a second impact member mounting 
end that is insertable within a receptacle located in 
said second impact member, said second mounting 
portion comprising fibers embedded in a resin ma- 
trix to form said second mounting portion having an 
outer perimeter that is smaller than the outer perim- 
eter of said main tubular body portion to provide a 
second shoulder on said composite tube, said en- 
ergy absort)ing composite tube further comprising 
a second delamination wedge located around the 
penmeter of said second mounting portion adjacent 
to said second shoulder, said delamination wedge 
being shaped to provide delamination of said main 
tobular body portion when said delamination wedge 
IS forced against said second shoulder by said sec- 
ond impact member during an impact in which said 
first and second Impact member move towards 
each other along the longitudinal axis of said com- 
posite tube, said delamination of said main tubular 
body portion providing absorption of said impact en- 
ergy. 

An energy absort}ing composite tube according to 
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claim 1 or claim 2, wherein the resin matrix is se- 
lected from the group of resins consisting of epoxy, 
nylon, polyester, vinylester, polypropylene, and 
acrylic. 

5 

4. An energy absorbing composite tube according to 
any of claims 1 to 3, wherein said resin fibers are 
selected from the group consisting of glass, carbon, 
ceramic, aramid, and thermoplastic. 

10 

5. An energy absorbing composite tube according to 
any preceding claim, wherein said main tubular 
body portion and said mounting portion have circu- 
lar perimeters. 

15 

6. An energy absorbing composite tube according to 
any preceding claim, wherein said fibers are in the 
form of one or more layers having an orientation se- 
lected from the group consisting of woven, unidirec- 
tional or random fibers. 20 

7. An energy absorbing system for absorbing Impact 
energy comprising: 

A) a first impact member; 25 

B) a second impact member that is mounted to 
said first impact member; 

C) an energy absorbing composite tube that 
provides a mount between said first impact 
member and said second impact member, said 30 
energy absorbing composite tube comprising: 

a) a mounting portion comprising a first im- 
pact member mounting end that is inserta- 

ble within a receptacle located in said first 35 
impact member, said mounting portion 
comprising fibers embedded in a resin ma- 
trix to form said mounting portion having an 
outer perimeter; 

b) a main tubular body portion that is inte- ^ 
gral with said mounting portion, said main 
tubular body portion comprising an end 
that is mounted to said second impact 
member, said main tubular body portion 
comprising fibers embedded in a resin ma- 45 
trix to form a main tubular body portion hav- 
ing an outer perimeter that is larger than 

the outer perimeter of said mounting por- 
tion to provide a shoulder around the pe- 
rimeter of said mounting portion where it so 
joins said main tubular body portion; and 

0) a delamination wedge located around the 
perimeter of said mounting portion adjacent to 
said shoulder, said delamination wedge 55 
shaped to provide delamination of said main tu- 
bular body portion when said delamination 
wedge is forced against said shoulder by said 


first impact member during an impact in which 
said first and second impact members move to- 
wards each other along the longitudinal axis of 
said composite tube, said delamination of said 
main tubular body portion providing absorption 
of said impact energy. 

8. An energy absorbing system according to claim 7, 
wherein said resin matrix is selected from the group 
consisting of epoxy, nylon, polyester, vinylester, 
polypropylene, and acrylic. 

9. An energy absorbing system according to claim 7 
or claim 8. wherein said resin fibers are selected 
from the group consisting of glass, carbon, ceramic, 
aramid, and thermoplastic. 

10. An energy absorbing system according to any of 
claims 7 to 9, wherein said main tubular body por- 
tion and said mounting portion have circular perim- 
eters. 

11. An energy absorbing system according to any of 
claims 7 to 10, wherein the orientation of said fibers 
are in the form of one or more layers having an ori- 
entation selected from the group consisting of wo- 
ven, unidirectional or random fibers. 

12. An energy absorbing system according to any of 
claims 7 to 11, wherein said first impact member is 
a vehicle and said second impact member is a 
bumper for said vehicle. 

13. An energy absorbing system according to any of 
claims 7 to 12, wherein said vehicle is an automo- 
bile. 

14. An energy absorbing system according to any of 
claims 7 to 13, wherein said delamination wedge is 
an integral part of said receptacle located in said 
first impact member. 

15. An energy absorbing system according to any of 
claims 7 to 1 4, wherein the end of said main tubular 
body portion that is mounted to said second impact 
member comprises a second integral mounting por- 
tion comprising a second impact member mounting 
end that is insertable within a receptacle located in 
said second impact member, said second mounting 
portion comprising fibers embedded in a resin ma- 
trix to fonri said second mounting portion having an 
outer perimeter that is smaller than the outer perim- 
eter of said main tubular body portion to provide a 
second shoulder on said composite tube, said en- 
ergy absorbing composite tube further comprising 
a second delamination wedge located around the 
perimeter of said second mounting portion adjacent 
to said second shoulder, said delamination wedge 
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being shaped to provide delamination of said main 
tubular body portion when said delamination wedge 
IS forced against said second shoulder by said sec- 
ond Impact member during an impact in which said 
first and second impact member move towards 
each other along the longitudinal axis of said com- 
posite tube, said delamination of said main tubular 
body portion providing absorption of said impact en- 
ergy. 

16. An energy absorbing system according to claim 1 5 
wherein said second delamination wedge Is an in- 
tegral part of the receptacle located In said second 
Impact member. 

17, A method for absorbing energy during an impact, 
said method comprising the steps of: 

A) providing an impact energy absorption sys- 
tem comprising: 

a) a first impact member; 

b) a second impact member that is mount- 
ed to said first Impact member; 

c) an energy absorbing composite tube 
that provides a mount between said first 
impact member and said second impact 
member, said energy absorbing composite 
tube comprising: 
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IS 
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25 


35 


1) a mounting portion comprising a first 
Impact member mounting end that is 
insertable within a receptacle located 
in said first impact member, said 
mounting portion comprising fibers 
embedded In a resin matrix to form 
said mounting portion having an outer 
perimeter; 

2) a main tubular body portion that is 
integral with said mounting portion, 
said main tubular body portion com- 
prising an end that Is mounted to said 
second impact member, said main tu- 
bular body portion comprising fibers 
embedded In a resin matrix to form a 
main tubular body portion having an 
outer perimeter that is larger than the 
outer perimeter of said mounting por- 
tion to provide a shoulder around the 
perimeter of said mounting portion so 
where it joins said main tubular body 
portion; and 


30 


delamination wedge Is forced against said 
shoulder by said first impact member dur- 
ing an Impact In which said first and second 
impact members move towards each other 
along the longitudinal axis of said compos- 
ite tube, said delamination of said main tu- 
bular body portion providing absorption of 
said impact energy; and 

B) impacting said second Impact member with 
a force having sufficient impact energy along 
the longitudinal axis of said composite tube to 
provide delamination of said main tubular body 
portion and absorption of at least a portion of 
said impact energy. 

18. A method for absorbing impact energy according to 
claim 17, wherein said resin matrix is selected from 
the group of resins consisting of epoxy, nylon, pol- 
yester, vinylester. polypropylene, and acrylic. 

19. A method for absorbing impact energy according to 
claim 17 or claim 18. wherein said fibers are select- 
ed from the group consisting of glass, carbon, ce- 
ramic, aramid, and thermoplastic. 

20. A method for absorbing Impact energy according to 
any of claims 17 to 19. wherein said main tubular 
body and said mounting portion have circular oe- 
rimeters. 

21 . A method for absorbing impact energy according to 
any of claims 1 7 to 20. wherein said fibers are in the 
form of one or more layers having an orientation se- 
lected from the group consisting of woven, unidirec- 
tional or random fibers. 


40 


45 


d) a delamination wedge located around 
the perimeter of said mounting portion ad- 
jacent to said shoulder, said delamination 
wedge shaped to provide delamination of 
said main tubular body portion when said 


55 


22. A method for absorbing impact energy according to 
any of claims 17 to 21, wherein said first Impact 
member is a vehicle and said second impact mem- 
ber IS a bumper for said vehicle. 

23. A method for absorbing Impact energy according to 
claim 22. wherein said vehicle is an automobile. 

24. A method for absorbing impact energy according to 
any of claims 17 to 23. wherein said delamination 
wedge is an integral part of said receptacle located 
in said first impact member. 

25. A method for absorbing impact energy according to 
any of claims 1 7 to 24. wherein the end of said main 
tubular body portion that is mounted to said second 
rmpact member comprises a second integral 
mounting portion comprising a second impactmem- 
ber mounting end that Is insertable within a recep- 
tacle located in said second impact member, said 
second mounting portion comprising fibers embed- 
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ded in a resin matrix to form said second mounting 
portion having an outer perimeter that is smaller 
than the outer perimeter of said main tubular body 
portion to provide a second shoulder on said com- 
posite tube, said energy absorbing composite tube 5 
further comprising a second delamination wedge lo- 
cated around the perimeter of said second mount- 
ing portion adjacent to said second shoulder, said 
delamination wedge being shaped to provide dela- 
mination of said main tubular body when said dela- 
mination wedge is forced against said second 
shoulder by said second impact member during an 
impact in which said first and second impact mem- 
bers move towards each other along the longitudi- 
nal axis of said composite tube, said delamination is 
of said main tubular body portion providing absorp- 
tion of said Impact energy. 

26. A method for absorbing impact energy according to 
claim 25, wherein said second delamination wedge 20 
is an integral part of the receptacle located in said 
second impact member. 

27. A method for making an energy absorbing compos- 
ite tube for use in mounting a first impact member 25 
to a second impact member, said method compris- 
ing the steps of: 

A) forming a composite tube having a longitu- 
dinal axis, said composite tube comprising: 30 

a) a mounting portion comprising a first im- 
pact member mounting end that is inserta- 
ble within a receptacle located in said first 
impact member, said mounting portion 35 
comprising fibers embedded in a resin ma- 
trix to form said mounting portion having an 
outer perimeter; 

b) a main tubular body portion that is inte- 
gral with said mounting portion, said main 40 
tubular body portion comprising an end 
that is mountable to said second impact 
member, said main tubular body portion 
comprising fibers embedded in a resin ma- 
trix to form a main tubular body portion hav- 45 
ing an outer perimeter that is larger than 

the outer perimeter of said mounting por- 
tion to provide a shoulder around the pe- 
rimeter of said mounting portion where it 
joins said main tubular body portion; and so 

B) providing a delamination wedge located 
around the perimeter of said mounting portion 
adjacent to said shoulder, said delamination 
wedge shaped to provide delamination of said ss 
main tubular body portion when said delamina- 
tion wedge is forced against said shoulder by 
said first impact member during an impact in 


which said first and second impact members 
move towards each other along the longitudinal 
axis of said composite tube, said delamination 
of said main tubular body portion providing ab- 
sorption of said impact energy 

28. A method for making an energy absorbing compos- 
ite tube according to claim 27 that Includes the ad- 
ditional step of forming a second impact member 
mounting portion at the end of said main tubular 
body portion that is mountable to said second im- 
pact member, said second impact mounting portion 
comprising a mounting end that is insertable within 
a receptacle located in said second impact member, 
said second mounting portion comprising fibers em- 
bedded in a resin matrix to fomn said second mount- 
ing portion having an outer perimeter that is smaller 
than the outer perimeter of said main tubular body 
portion to provide a second shoulder on said com- 
posite tube, and providing a second delamination 
wedge located around the perimeter of said second 
mounting portion adjacent to said second shoulder, 
said delamination wedge being shaped to provide 
delamination of said main tubular body portion 
when said delamination wedge is forced against 
said second shoulder by said second impact mem- 
ber during an impact in which said first and second 
impact member move towards each other along the 
longitudinal axis of said composite tube, said dela- 
mination of said main tubular body portion providing 
absorption of said impact energy. 

29. A method for making and energy absorbing com- 
posite tube according to claim 27 or claim 28, 
wherein the resin matrix is selected from the group 
of resins consisting of epoxy. nylon, polyester, vi- 
nylester, polypropylene, and acrylic. 

30. A method for making an energy absorbing compos- 
ite tube according to any of claims 27 to 29, wherein 
said resin fibers are selected from the group con- 
sisting of glass, carbon, ceramic, aramid, and ther- 
moplastic. 

31. A method for making an energy absorbing compos- 
ite tube according to any of claims 27 to 30, wherein 
said main tubular body portion and said mounting 
portion have circular perimeters. 

32. A method for making an energy absorbing compos- 
ite tube according to any of claims 27 to 31 , wherein 
said fibers are in the form of one or more layers hav- 
ing an orientation selected from the group consist- 
ing of woven, unidirectional or random fibers. 
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